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( , [3]). ,
[1,2, 4]. , ,





$=f(x)$ , $x\in \mathbb{R}^{4}$ (1)
, $f$ : $\mathbb{R}^{4}\cross \mathbb{R}^{4}$ $C^{r}$ $(r\geq 2)$ . .
(Al) (1) . , ( ) $R$ : $\mathbb{R}^{4}arrow \mathbb{R}^{4}$
$f(Rx)+Rf(x)=0$ for $\forall_{X}\in \mathbb{R}^{4}$ (2)
. , Fix$(R)=\{x\in \mathbb{R}^{4}|Rx=x\}$ dim Fix$(R)=2$ .
, (1) $x(t)$ , &( . , $x(t)=$
$Rx(-t)$ , $x(t)$ ( ) . , $x(t)$
Fix$(R)$ .
(A2) $T^{\alpha}>0$ 1 $x^{\alpha}(t),$ $\alpha\in \mathcal{A}$ , . ,
$\mathcal{A}(\neq\emptyset)$ $\mathbb{R}$ .
$x^{\alpha}(t)$ Fix$(R)$ , $x^{\alpha}(O)\in$ Fix$(R)$ .
, $x^{\alpha}(t)$ $t$ , $\alpha$ $C^{r}$ . (Al) $\mathbb{R}^{4}=$ Fix$(R)\oplus$ Fix$(-R)$
, ‘.
Fix$(-R)=$ Fix $(R)^{\perp}$ (3)
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.
(A2) 1 $\Lambda’=\{x^{\alpha}(t)|t\in \mathbb{R}, \alpha\in \mathcal{A}\}$ , $=\{x^{\alpha}(O)|\alpha\in$
$\mathcal{A}\}\subset$ Fix$(R)\cap\Lambda’$ . $zo(\alpha)=\dot{x}^{\alpha}(0)’|\dot{x}^{\alpha}(0)|,$ $Z(\alpha)=span\{z_{0}(\alpha)\}$ ,
2 $\overline{Z}(\alpha)$ .
$\mathbb{R}^{4}=Z(\alpha)\oplus T_{x^{\alpha}(0)}\Lambda_{0}’\oplus\overline{Z}(\alpha)$ .
Gronwall ( , [10]) , .
1 $\epsilon>0$ , $t=0$ Fix$(R)$ $x=x^{\alpha}(0)+O(\epsilon)$
.
$x_{\epsilon}^{\alpha}(t)=x^{\alpha}(t)+\epsilon w^{\alpha}(t)+\theta(\epsilon^{2})$ (4)




$\Psi^{\alpha}(t)$ , $\Psi^{\alpha}(0)=id_{4}$ ( $id_{n}$ $n$ ) (5) ,
(4) $w^{\alpha}(t)$ .
$w^{\alpha}(t)=\Psi^{\alpha}(t)w_{0}$ , $w_{0}= \frac{1}{\epsilon}(x_{\epsilon}^{\alpha}(O)-x^{\alpha}(O))\in$ Fix$(R)$
$z_{i}(\alpha),$ $i=1,2$ , $z_{1}(\alpha)\in\overline{Z}(\alpha)\cap$ Fix$(R),$ $z_{2}(\alpha)\in\overline{Z}(\alpha)\backslash Fix(R)$
. , $\overline{Z}(\alpha)=$ span$\{z_{1}(\alpha), z_{2}(\alpha)\}$ . $n\in \mathbb{N}$
Melnikov .
$M_{n}(\alpha)=z_{2}(\alpha)\cdot\Psi^{\alpha}(nT^{\alpha})z_{1}(\alpha)$ (6)
2 $n\in N$ $M_{n}(\alpha)$ $\alpha=\alpha_{0}$ , $\Lambda’$
$\alpha=\alpha_{0}$ , 1 . $n\in \mathbb{N}$ $M_{n}(\alpha)$
$\alpha=\alpha_{0}$ , 1 .
21




$x=(\xi, \eta)\in \mathbb{R}^{2}\cross \mathbb{R}^{2}$ , $\xi\sim$ $\{(\xi, \eta)|\xi\in \mathbb{R}^{2}, \eta=0\}$ (1) ,
(A2) $\xi$- , $x^{\alpha}(t)=(\xi^{\alpha}(t), 0)$
. $f(\xi, \eta)=(fi(\xi, \eta), f_{2}(\xi, \eta)),$ $f_{i}$ : $\mathbb{R}^{2}\cross \mathbb{R}^{2}arrow \mathbb{R}^{2},$ $i=1,2$, , $f_{2}(\xi, 0)=0$
, $D_{\xi}f_{2}(\xi, 0)=0$ . $\overline{Z}(\alpha)$ $\eta$- , $z_{i}(\alpha)=(0, \zeta_{i})$ . , $z_{i}(\alpha)$
$\alpha$ .




, (7) $\mu_{\alpha}=\Psi_{2}^{\alpha}(T^{\alpha})$ ,
$M_{n}(\alpha)=\zeta_{2}\cdot\mu_{\alpha}^{n}\zeta_{1}$ (9)
. , $\mu_{\alpha}$ $\lambda_{1,2}^{\alpha}$ , 3
.
3 $(m, n)\neq(1,1),$ $(1,2)$ $m,$ $n\in \mathbb{N}$ , $\alpha=\alpha 0$
$\lambda_{1,2}^{\alpha}=\pm\frac{2\pi im}{n}$ , $\frac{d}{d\alpha}\lambda_{1,2}^{\alpha}\neq 0$
, $\mathcal{A}’$ $\alpha=\alpha_{0}$ , 1





3. cl $=0$ (10)
( $\omega=\omega^{*}$ )
4.
4. Cl $=0,$ $c_{2}= \frac{1}{6},$ $\omega=\omega^{*}$ (10)
, H\’enon-Heiles .




$H(x, y)= \frac{1}{2}(\xi_{1}^{2}+\xi_{2}^{2}+\omega^{2}\eta_{1}^{2}+\eta_{2}^{2})+\frac{1}{3}d\xi_{1}^{3}+c\xi_{1}\eta_{1}^{3}$ (11)
H\’enon and Heiles (1964) , $d=-1,$ $\omega=1$ , (11) 4 $c\xi_{1\eta_{1}^{3}}$ 3
$\xi_{1}\eta_{1}^{2}$ . , , $d=1$ .
(10) $R$ : $(\xi_{1}, \xi_{2,\eta_{1},\eta_{2}})\mapsto(\xi_{1}, -\xi_{2,\eta_{1}}, -\eta_{2})$ , $\xi$- ,
$\xi$- 1
$\xi^{k}(t)=(b(k)-a(k)sn^{2}\nu(k)t,$ $-2\nu(k)a(k)$ sn $\nu(k)t$ cn $\nu(k)t$ dn $\nu(k)t)$ (12)
. , $k\in(0,1)$ , , sn, cn, dn
. 2 .





$\Psi_{2}^{k}(t)=(\begin{array}{ll}cos\omega t \frac{1}{\omega}sin\omega ts-\omega in\omega t cos\omega t\end{array})$
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5. $c_{1}=0,$ $c_{2}= \frac{1}{6},$ $\omega=\omega_{*},$ $H=0.2$ , (12) (10) : (a)
$(m, n)=(1,2);(b)(1,3);(c)(1,4);(d)(2,5);(e)(2,7);(f)(3,5);(g)(3,7);(h)(3,8)$.
, $\zeta_{1}=(1,0),$ $\zeta_{2}=(0,1)$ , Melnikov .
$M_{n}(k)=- \omega\sin\frac{2n\pi\omega}{\Omega_{k}}$
, $m,$ $n\in \mathbb{N}$ $m\Omega_{k}=n\omega$ , 1
. 3 . , $h_{k}$
(12) .
$c_{2}= \frac{1}{6}$ , $\omega$ $\omega_{*}=\frac{1}{2}(1+\sqrt{5})\approx 1.618$ , AUTO[12]
. 4 . , $H=0.2$ , (12)
5 . 4 $\xi$-
, $(n, m)=(1,3),$ $(1,4),$ $(2,7),$ $(3,7),$ $(3,8)$
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